We present a narrow Hα-band imaging survey of 357 low surface brightness galaxies (LSBGs) that are selected from the spring sky region of the 40% Arecibo Legacy Fast Arecibo L-band Feed Array (ALFALFA) HI Survey. All the Hα images are obtained from the 2.16 m telescope, operated by Xinglong Observatory of the National Astronomical Observatories, Chinese Academy of Sciences. We provide the Hα fluxes and derive the global star formation rates (SFRs) of LSBGs after the Galactic extinction, internal extinction, and [NII] contamination correction. Comparing to normal star-forming galaxies, LSBGs have a similar distribution in the HI surface density (Σ HI ), but their SFRs and star formation surface density (Σ SFR ) are much lower. Our results show that the gas-rich LSBGs selected from the ALFALFA survey obviously deviate from the Kennicutt-Schmidt law, in the relation between the star formation surface density (Σ SFR ) and the gas surface density (Σ gas ). However, they follow the extended Schmidt law well when taking the stellar mass of the galaxy into consideration.
INTRODUCTION
The low surface brightness galaxies (LSBGs) are the galaxies whose central surface brightness is at least one magnitude fainter than that of the dark sky background (Freeman 1970; . Because LSBGs are so faint, they are beyond the detection limit of most of the wide field optical survey ). However, they possibly contribute 20% to the total dynamical mass of the galaxies in the universe (Minchin et al. 2004 ) and 30%-60% to the number density of local galaxies (McGaugh 1996; Bothun et al. 1997; O'Neil & Bothun 2000; Trachternach et al. 2006; Haberzettl et al. 2007 ). To better understand LSBGs, we need to construct an appropriate sample. Kniazev et al. (2004) and Zhong et al. (2008) established large LSBG samples based on the main galaxy sample of the Sloan Digital Sky Survey (SDSS). Du et al. (2015) selected 1129 HI gas-rich LSBGs by cross-matching from the SDSS data release 7 (DR7) and the Arecibo Legacy Fast Arecibo Lband Feed Array (ALFALFA) survey (Giovanelli et al. 2005a,b) .
How the gas converting into the stars in galaxies is a fundamental question in galaxy formation and evolution, especially in the extremely low-density environment, such as LSBGs. Generally, HI gas transforms into molecular gas, then collapses, and finally forms a star. Understanding the relationship between the star formation rate (SFR) and the gas is critical to understand the evolution of galaxies. Schmidt (1959) first proposed a relation between the SFR volume density and gas volume density. After that, Kennicutt (1998a) gave an empirical relation between the gas surface density (Σ gas ) and the star formation surface density (Σ SFR ), known as the Kennicutt-Schmidt (K-S) law: Σ SFR ∝ Σ
gas
(1) However, such an empirical relation is not suitable for dwarf galaxies or LSBGs (Huang et al. 2012b; Lei et al. 2018 ). The gas surface density may not be the only parameter that affects the star formation. Taking the stellar mass surface density (Σ star ) into consideration, Shi et al. (2011 Shi et al. ( , 2018 proposed an extended Schmidt law:
Σ SFR ∝ Σ gas Σ 0.5 star
To test the above relations in the low density environment, it is necessary to measure the correct SFR of galaxies. There are many approaches to derive the SFRs, such as Hα, ultraviolet (UV), infrared (IR) luminosities, or fitting the observed spectral energy distribution (SED) with different models (Kennicutt 1998b; Silva et al. 1998; Wu et al. 2005; da Cunha et al. 2008; Zhu et al. 2008; Noll et al. 2009; Boselli et al. 2009; Wen et al. 2014; Jimmy Tran et al. 2016) . However, the UV emission is affected by extinction, and also few LSBGs have been observed in the UV band. The IR flux is from the dust re-emission of the light of the young massive stars. Unfortunately, it is also not suitable for LSBGs, because of the low dust mass of LSBGs . The SED is a better way to get the SFR, but collecting the multi-band data simultaneously is quite challenging.
Among all the SFR tracers above, Hα is a better one. The Hα luminosity is proportional to the number of newly formed stars. It traces the stars formed over past 3-10 Myr (Kennicutt & Evans 2012) . The SFR is proportional to its luminosity when the star formation activity of the target is constant on a timescale (Kennicutt 1998a) . Generally, the Hα emission of galaxies can be obtained by spectral observations (e.g., the spectroscopic survey of SDSS DR7 (Strauss et al. 2002; Hopkins et al. 2003) , and the narrow Hα-band imaging. Compared to the spectroscopic observation, the narrow band imaging can obtain the total Hα emission of the galaxy.
Recent Hα imaging surveys of LSBGs provide resources to study their star formation. Schombert et al. (2011) presented the Hα imaging of 59 LSBGs selected from the Second Palomar Sky Survey (PSS-II) catalog. The Hα3 survey is an Hα image survey of ∼ 800 galaxies in the Local Supercluster (Gavazzi et al. 2012 (Gavazzi et al. , 2015 , which also contains some LSBGs. Lei et al. (2018) presented an Hα survey of 111 LSBGs that are selected from the fall sky region of the α.40 catalog, which is an HI catalog from the 40% of the ALFALFA survey area, ∼2800 deg 2 (Haynes et al. 2011) . The corresponding Hα survey of LSBGs in the spring sky region still need to be completed.
In this paper, we continue to undertake Hα imaging surveying of LSBGs in spring sky region of the α.40 catalog to explore their SFR and star formation efficiency (SFE). The layout of this article is as follows: in Section 2, we introduce our sample together with a description of the observations. In Section 3 and 4, we present the data reduction and the Hα flux correction. In Section 5, we present the catalog of the Hα flux and some derived parameters. Results and a discussion are given in Section 6, and a summary is shown in Section 7. Throughout the paper, we adopt a flat ΛCDM cosmology, with H 0 = 70 km s −1 Mpc −1 and Ω Λ = 0.7, and a Salpeter initial mass function (IMF) [dN (m)/dm = −2.35] over m = 0.1 − 100M (Salpeter 1955) . Du et al. (2015) . The blue squares refer to the observed LSBGs in the fall sky region. The red solid circles are the observed LSBGs in the spring sky region. The others (gray solid circles) are the unobserved objects due to the limitation of the observation time. Du et al. (2015) selected 1129 LSBGs from the α.40-SDSS-DR7 with the B-band central surface brightness µ 0 (B) fainter than 22.5 mag arcsec −2 and the axis ratio of b/a > 0.3. α.40 (Haynes et al. 2011 ) is the first released HI catalog of the Arecibo Legacy Fast ALFA(ALFALFA) survey (Giovanelli et al. 2005a,b) and covers a 40% area of a total of 7000 deg 2 . The SDSS DR7 images, whose sky background are overestimated by 0.2-0.5 mag (Lisker et al. 2007; He et al. 2013) , bring the challenge to search for LSBGs. Du et al. (2015) rebuilt the sky background of SDSS images, and fitted the galaxies with the exponential disk model using the GALFIT software, and derived more accurate µ 0 (B). They constructed a sample of 1129 LSBGs, hereafter Du2015. Since Du2015 selected LSBGs sample from the ALFALFA HI survey, this could make the sample slightly HI-rich biased.
The sky distribution of the LSBGs from Du2015 is shown in Figure 1 . Based on Du2015, we observed 468 Hα images of LSBGs. Lei et al. (2018) presented the first results of 111 LSBGs in the fall sky region of Du2015, which are shown as the blue squares. Due to the limited observation time, the observation of the spring sky region of Du2015 is not finished. The spring LSBGs sample covers two sky fields. We first focus on the smaller upper field at the decl. of ∼ 25
• , so most of the LSBGs in this field are observed. The LSBGs in the larger field at the decl. of ∼ 10
• are observed randomly. Therefore, our observation does not introduce any selection effect to the spring LSBG sample. A total of 357 spring LSBGs of Du2015 observed are shown as the red solid circles in the figure.
As a comparision, we present the distributions of some fundamental parameters of the observed LSBGs in the fall sky fields (blue), the spring sky fields (red), and all the LSBGs(black) of Du2015 in Figure 2 . In general, the distributions of the six parameters of the observed spring LSBGs agree well with those of Du2015. So we believe the observed spring LSBG sample can represent the whole LSBG sample of Du2015 without bringing in the selection bias from the observation.
Our observation includes not only the narrow Hα-band image but also the broad R-band image. The broad R-band is used as the auxiliary image of continuum to be subtracted from the Hα image. All the Hα and R images are observed using BFOSC instrument BAO Faint Object Spectrograph and Camera(BFOSC) attached to the 2.16 m telescope (Fan et al. 2016) at the Xinglong Observatory of the National Astronomical Observatories, Chinese Academy of Sciences (NAOC). The effective wavelength λ eff of the broad R-band filter is 6407Å with a FWHM of 1200Å. There are 11 Hα filters whose central wavelengths range from 6533 to 7052Å with a FWHM of ∼ 55Å. We only use filters of Hα1-7. More detailed information about filters can be found in Lei et al. (2018) .
The Hα image observation is from 2013 to 2017. Most of the observations are under photometric conditions. The exposure time are 300s for the R-band and 1800s for the narrow Hα band, respectively. To save observation time, we did not observe the standard stars. All the observation information about 357 spring LSBGs is listed in Table 1 , including name, magnitude, coordinates, distance, filter, and observation date.
IMAGE REDUCTION

General Image Processing
The general image data reduction includes overscan correction, bias subtraction, image trimming, flat-field correction, cosmic-rays removal, world coordinate system (WCS) calibration and background subtraction. The charge-coupled device (CCD) reduction (overscan, bias and flat-field) are done following the standard IRAF procedures . Cosmic rays are removed by using the IDL program la cosmic.pro (van Dokkum 2001) . A celestial (Haynes et al. 2011) . (f): Stellar mass derived from g-r color and r-band luminosity (Bell et al. 2003). coordinate is added into the image FITS header with the help of Astrometry.net.
We subtract the background as follows. Firstly, we produce the object-masked image by using SExtractor software to detect objects in the gauss smoothed image. It is much easier to detect the extend wings of bright stars and the fainter outer parts of the galaxies in the gaussian-smoothed image than in the original image. According to the detected regions in the Gauss smoothed image, we mask all the objects in the original image. Then, a median filter of 70 × 70 pixel 2 is applied to the object-masked image. The median filter can fill in the mask regions with the surrounding sky background, and the sky background image can be obtained. Finally, we subtract the background from original image. The mean value of the final sky-subtracted image is close to 0, and the fluctuation is smaller than that of the original image. An example is shown in Figure 4 of Lei et al. (2018) .
Continuum Subtraction
Since Hα images contain the contributions from both the Hα emission and the underlying stellar continuum. The pure Hα emission image can be obtained by subtracting the R-band image from the scaled Hα image. It is very important to determine the scale parameter. As the field stars have no emission in the observed Hα filter, their ratios of continuum fluxes in the R-band image to those in the narrow Hα image can be used as the scale parameter:
where c W and c N are the measured fluxes of the field stars in the wide R band and narrow Hα band, respectively. There are two ways to obtain the final scale factor for a target galaxy. One way is to adjust the wide to narrow continuum ratio (WNCR) value in a reasonable range, and adopt the best WNCR value when the residual of fluxes of most field stars reaches a minimum (Kennicutt et al. 2008; Lei et al. 2018 ). However, this does not take the color effect (Spector et al. 2012; Gavazzi et al. 2018) into account.
Because the effective wavelengths of the broad R band and the narrow Hα band are different, the WNCR (the ratio of the integral continuum in the R band to those in the Hα band) is related to the slope of the continuum of the target in broad R band. This is the color effect. The slope of the continuum can also be described by the color (e.g., g-r). The value of the WNCR may correlate with the color. However, the color of a galaxy is often different from the colors of most field stars. This could lead to the underestimation of Hα flux as large as 40% and the overestimation as large as 10% (Spector et al. 2012) . Another way to get WNCR value is to take the color of the target galaxy into account. As an example shown in Figure 3 , a linear fitting is applied for the relation of WNCRs and colors of the field stars after the 1σ clipping. We derive the WNCR value according to the color of the target galaxy from the fitting line. Once the WNCR is determined, the pure Hα emission image can be obtained by subtracting R-band image from the scaled Hα image.
Flux calibration
Because all the sample LSBGs are selected from the SDSS imaging survey, we can do the flux calibration by SDSS photometry. We first extract the r-and iaperture magnitudes from SDSS for all the field stars in each observed field. Then the SDSS r-and i-band magnitudes are transferred into the Johnson R-band magnitude according to Lupton et al. (2005) . From the aperture-measured ADUs of each field star in the R-band image and the derived Johnson R-band flux, we obtain the calibration coefficient. Finally, the most probable value of the coefficients of the stars in each field is adopted to calibrate the corresponding target galaxy.
Photometry
Photometry is performed with the aid of the ellipse package of the IRAF. It uses the elliptical isophotes to fit a galaxy and outputs the photometric and geometric parameters. To be consistent with the radius of the surface density of the SFR in Kennicutt (1998a) , r 25 is adopted as the photometric radius. We use the Rband image to determine the photometric radius r 25 , where the surface brightness magnitude reaches to 25 mag arcsec −2 . Figure 4 shows the SDSS rgb images, the R-band images, and the continuum-subtracted Hα images of five representative LSBGs from left to right. The yellow ellipses are photometric aperture. The Hα flux is the total flux within the r 25 elliptical area.
Errors
There are two major errors in the data reduction and photometry. One is the photometric error, and the other is the error from the continuum subtraction. The photometric error consists of photonic noise of Hα emission and all the statistical noise from the background, including the noise from the CCD and sky background. The uncertainty of the WNCR in continuum subtraction is another important source of the error. Since the WNCR is the flux ratio of the R band to the Hα band, the systematic deviation of continuum subtraction could be the dominant error for the galaxies with a strong continuum and relatively weak Hα emission (Kennicutt et al. 2008) . The final error is composed of both errors of the photometry and continuum subtraction and is listed in Table 2 .
FLUX CORRECTION
The extinction plays an important role in determining the accuracy of the SFRs. The extinction includes the Galactic and intrinsic extinction. Because SDSS r-band filter covers Hα emission line, we adopt the extinction value of the SDSS r-band to correct the Galactic extinction of the observed Hα emission.
Generally, the intrinsic extinction correction is derived from the Balmer emission line ratio of F Hα /F Hβ . We adopt the intrinsic ratio of F Hα0 /F Hβ0 = 2.87. The color excess E(B − V) can be derived by the Cardelli Clayton Virgo cluster (Gavazzi et al. 2012) Coma cluster (Gavazzi et al. 2015) Figure 6. Comparison of the Hα flux of the common LSBGs from our sample and the Hα3 survey. The blue solid circles are galaxies matched with the Virgo cluster (Gavazzi et al. 2012) . The red solid circles are galaxies matched with the Coma cluster (Gavazzi et al. 2015) . The error bars of the Hα flux are from both our and the Hα3 measurements.
Mathis (CCM) extinction law, which is applicable to both diffuse and dense regions of the interstellar medium (Cardelli et al. 1989 ). The extinction can be calculated from R V = A V /E(B − V) = 3.1, and A Hα /E(B − V) = 2.468 (Calzetti 2001 1 +
For the LSBGs whose SDSS fiber spectra are not available, we similarly take the median ratio of [NII]/Hα = 0.1578 to correct the contamination from [NII] emission. Taking the transmission curve of the Hα filters into account, we adopt the transmission curve of Hα filters (Lei et al. 2018 ) and correct the transmission loss at the wavelength of the redshifted Hα line of the target galaxy. The normalized transmission T(Hα) used for the flux correction is derived from the equation bellow:
where T (λ) is the transmission curve, T (Hα) is the direct transmission at redshifted Hα line from the transmission curve, T(Hα) is the normalized transmission at redshifted Hα , λ1 and λ2 are the starting and ending wavelength of the transmission curve. The FWHM is the full width at half maximum of the Hα filters. The transmission curve T (λ) and FWHM of each Hα filter can be found in Lei et al. (2018) . The corrected Hα flux is obtained after divided by the normalized transmission T(Hα). The R-band flux also contains the contribution from the Hα emission, which will result in the loss of Hα emission flux during the process of stellar continuum subtraction. Fortunately, such a loss can be estimated (about 4%) and corrected according to the FWHMs of both the R (1200Å) and the Hα (55Å) filters. Lei et al. (2018) with a new continuum subtraction method to Table 2. The  columns of Table 2 are as the following:
THE Hα FLUX CATALOG
Column 1. The entry number of the Arecibo General Catalog (AGC).
Column 2. The semi-major axis of elliptical photometry (a). The elliptical isophotes are employed to fit the galaxy images by the IRAF ellipse package. The , the blue and red lines show the distributions of the star-forming galaxies and starburst galaxies from Young et al. (1996) and Jaskot et al. (2015) , respectively. In panel (c) and (d), the green and purple lines are the star-forming galaxies and starburst galaxies from Kennicutt (1998a).
semi-major axis adopts r 25 , where the surface brightness magnitude reaches to 25 mag arcsec −2 in units of kpc.
Column 3. The ellipticity of galaxy is defined as 1-(b/a). a and b are semi-major axis and mini-major axis, respectively.
Column 4. The logarithm of the Hα flux and errors. The Hα flux are total flux enclosed within the ellipse with a semi-major axis of r 25 after a series of flux corrections. The unit is erg s −1 cm −2 . Column 5. The logarithm of the SFR (M yr −1 ). The SFR is calculated from SFR Hα (M yr −1 ) = 7.9 × 10 −42 [L(Hα)](erg s −1 ), where L(Hα) is the extinction corrected Hα luminosity (Kennicutt 1998a) .
Column 6. The logarithm of the SFR surface density (M yr −1 kpc −2 ). The elliptical photometry area is used to calculate the star formation surface density (Σ SFR = SFR/πab). (Haynes et al. 2011 ). Column 8. The logarithm of the HI gas surface density (M pc −2 ). As r HI /r 25 is mostly constant (1.7±0.5) and shows weak dependence on the types from S0 to Im, we adopt 1.7 times optical radii of r 25 as the HI radii (Broeils & Rhee 1997; Swaters & Balcells 2002; Jaskot et al. 2015) . The HI gas surface density is calculated as Σ HI = M HI /2.89πab.
Column 9. The stellar mass is derived from the rband luminosity and g-r color using Bell et al. (2003) 's formula.
Column 10. The logarithm of the mass surface density (M pc −2 ). r 25 is used to calculate the mass surface density. The left panels present the comparison galaxies, which are the dwarf galaxies (purple pluses), the galaxies in the Coma (black pluses) and Virgo clusters (brown pluses) from the Hα3 survey and the galaxies (gray pluses) from xGASS. The right panels show three types of our LSBGs: the giant LSBGs (blue open circles ), the intermediate LSBGs (red open circles), and the dwarf LSBGs (green open circles) (Du et al. 2019) , and the comparison galaxies are shown in smaller pluses. In panel (a), the solid line represents when the HI mass MHI equals the stellar mass M * . In panel (b), the solid line is the fitting line of the stellar mass M * vs. SFR derived from the comparison galaxies. In panel (c), the solid line is the median value of log SFR/MHI of comparison galaxies.
In order to check the reliability of our results, we compare the Hα fluxes of LSBGs which also have been observed in the Hα3 Survey (Gavazzi et al. 2012 (Gavazzi et al. , 2015 . In Figure 6 , the blue solid circles are galaxies matched with the Virgo cluster (Gavazzi et al. 2012 ) and the red solid circles are galaxies matched with the Coma cluster (Gavazzi et al. 2015) . We find most of the Hα fluxes show a good agreement with 1σ uncertainty, and the mean value and the standard deviation of the differences between them is 0.11 and 0.34, respectively. Figure 7 shows the distributions of the SFR, the star formation efficiency of HI gas (SFE HI = SFR/M HI ), the surface density of the SFR and the mass of HI gas of different galaxies. In each case, the black solid lines show the corresponding distributions for our LSBGs sample. In panel (a) and (b), the solid blue lines and red lines show the distributions of the star-forming galaxies and starburst galaxies from Young et al. (1996) and Jaskot et al. (2015) , respectively. In panel (c) and (d), the solid green lines and purple lines also represent the starforming galaxies and starburst galaxies from Kennicutt (1998b) .
RESULT AND DISCUSSION
SFR and HI Gas Distribution
Comparing to the star-forming and starburst galaxies, LSBGs show a similar distribution of Σ HI , but both SFRs and SFE HI s of the LSBGs are lower than those of the star-forming galaxies by more than one order of magnitude, and far lower than those of the starburst galaxies. Furthermore, the Σ SFR of LSBGs are about two order of magnitudes lower than that of the starforming galaxies. All these distributions indicate that the HI gas-rich galaxies do not mean higher SFRs and Σ SFR . Figure 8 presents the ratio of the HI mass to the stellar mass versus the HI mass (a1, a2), SFR versus the stellar mass (b1, b2) and the ratio of the SFR to HI mass versus the HI mass (c1, c2).
HI Mass, Stellar Mass and SFR
The left panels show the galaxies from the Virgo and Coma clusters (Gavazzi et al. 2012; Fossati et al. 2013) , the dwarf galaxies from Huang et al. (2012b) and the galaxies from xGASS (Saintonge et al. 2017; Catinella et al. 2018) , as a comparison. The galaxies of the Hα3 survey covering the region of the Virgo and Coma clusters are shown in brown and black. Their SFRs are calculated from Hα imaging. The stellar mass of the Hα3 survey is derived from the i-band magnitudes Figure 10 . The Kennicutt-Schmidt Law. Our LSBGs sample are black solid circles. The blue dots and green dots are the star-forming galaxies and starburst galaxies from Kennicutt (1998a) . All the other symbols in the low-right box are collected by Shi et al. (2011) . The black solid line is the Kennicutt-Schmidt Law, three dotted lines showing the SFE of 100%,10%,1% in a timescale of star formation of 10 8 yr. The brown dashed line is the upper boundary of low gas surface density of 10 M pc −2 .
and g-i color using the formula given by Bell et al. (2003) . The purple pluses present the dwarf galaxies provided by Huang et al. (2012b) selected by crossmatching the α.40 catalog, SDSS and Galaxy Evolution Explorer (GALEX). The stellar mass and the SFRs of 80 dwarf galaxies are derived by fitting their UV-optical SEDs. The HI masses of the galaxies in Coma cluster, the Virgo cluster and the dwarf galaxies are from AL-FALFA too. In Figure 8 , we also show the galaxies in xGASS (Catinella et al. 2018) , which is a sample selected homogeneously by the stellar mass. The xGASS is an extended program from GALEX Arecibo SDSS Survey (GASS) (Catinella et al. 2010; Saintonge et al. 2011) . The lower limit of the stellar mass extends from 10 10 M to 10 9 M . Figure 8 only shows xGASS galaxies with HI detection. The HI mass is from the Arecibo observation. The stellar mass is from the SDSS DR7 Max Planck for Astrophysics/Johns Hopkins University catalog. The SFR is calculated as described in Janowiecki et al. (2017) .
The right panels show three types of our LSBGs in open circles and the comparison galaxies mentioned above in smaller pluses. Our LSBGs are separated into three types according to their absolute B magnitudes: the giant (M B < −19 Mag), the intermediate (−19 M B −17 Mag) and the dwarf LSBGs (M B > −17 Mag) (Du et al. 2019) .
In panel (a1), the solid line represents the HI mass equals the stellar mass. The ratio of the HI mass to the stellar mass decreases as the stellar mass increase. This is consistent with the result in Catinella et al. (2010) ; Cortese et al. (2011); Fabello et al. (2011); Huang et al. (2012a) . In panel (a2), our LSBGs follow the similar relation of the comparison galaxies in panel (a1). Panel (b) shows the SFR vs. the stellar mass. The relation between the SFR and the stellar mass is crucial for understanding the star formation history and evolution of galaxies. The SFR increases with the stellar mass, which is the so-called star-forming main sequence (Brinchmann et al. 2004; Noeske et al. 2007; Bothwell et al. 2009; Elbaz et al. 2011 ). In the panel (b1) and (b2), the two solid lines are the same and are the fitting line of the comparison galaxies in panel (b1). The stellar mass has good relation with the SFRs in all types of galaxies. The LSBGs also follow this relation. In panels (c1, c2), two solid lines are the median value of SFR/M HI of the com- Figure 11 . The Extended Schmidt law. All the symbols are the same as those in Figure 10 . The black solid dots are LSBGs in our sample. The black line is the best-fit line from high-z-SMG to LSB, which is named as the extended Schmidt law (Shi et al. 2018 ).
parison galaxies in panel (c1). Comparing panel (c1) to (c2), most of the LSBGs present relatively lower values of SFR/M HI than other ALFALFA-selected galaxies in panel(c1). From the definition of SFE HI = SFR/M HI , we conclude that most of the LSBGs have lower star formation efficiency of HI gas.
Kennicutt-Schmidt (K-S) Law
Until now it is still hard to detect CO emission line in LSBGs. Only a few of LSBGs detected molecular gas O'Neil et al. 2003; Matthews et al. 2005; Das et al. 2010; Cao et al. 2017) . The relation between Σ SFR and the HI gas surface density (Σ HI ) is shown in Figure 9 . The black solid circles are LSBGs in our sample. The orange stars represent the LSBGs from Wyder et al. (2009) . The blue open circles (Σ HI ) are the star-forming galaxies from Kennicutt (1998a) . As in Figure 7 , the Σ HI of both the LSBGs and the starforming galaxies distribute in the similar range. The Σ SFR of the star-forming galaxies are higher than those of LSBGs. Both kinds of galaxies are distinguished by the different Σ SFR . A positive relation between Σ HI and Σ SFR for star-forming galaxies (blue open circles) seems to exist, but none for LSBGs (black solid circles).
Though we have no molecular mass of LSBGs, Σ H2 can be roughly estimated according to Σ SFR (Bigiel et al. 2008) . Based on such an estimation, the Σ H2+HI of our LSBGs is very close to Σ HI , which is consistent with the previous assumption that HI dominates the gas content in our LSBGs (Lei et al. 2018) . Therefore, it is reasonable to employ the Σ HI instead of the Σ gas for LSBGs in the plot of the K-S law. Figure 10 shows the relation between the SFR surface density (Σ SFR ) and the gas surface density (Σ gas ). The blue and green solid circles represent the star-forming galaxies and starburst galaxies from Kennicutt (1998a) , respectively. Six types of galaxies are collected by Shi et al. (2011) . They are late-type galaxies (pink pluses), early-type galaxies (brown thin diamonds), LSB galaxies (green tri-down) from Wyder et al. (2009) , local luminous infrared galaxies (z=0-LIRGs, purple hexagons), high-redshift star-forming galaxies (High-z SFGs, red stars) and high-redshift merging submillimeter galaxies (High-z SMG, blue filled pluses). The black solid circles are LSBGs in our sample. The black solid line is the K-S law and the black dotted lines are SFE from 1% to 100%,in a timescale of star formation of 10 8 yr .
As shown in Figure 10 , combining the molecular gas, most galaxies (the local and high-redshift star-forming galaxies, starburst galaxies, luminous infrared galaxies, late-type and early-type galaxies, and submillimeter galaxies) follow the K-S law. However LSBGs obviously deviate from the K-S law which is based on the starforming and starburst galaxies. With the median value of SFE HI around 1%, the LSBGs are galaxies with low star formation efficiency. Also, most of the LSBGs have a gas surface density lower than the brown upper limit line of the low-density region (Kennicutt & Evans 2012) , which correspond to low-density systems.
The K-S law is actually an empirical relationship between the SFR surface density and the gas surface density based on a sample of 61 nearby spiral and 36 infrared-selected starburst galaxies (Kennicutt 1998a) . Bigiel et al. (2008) have shown how the SFR, HI and H 2 surface densities related to each other at sub-kpc resolution in 18 nearby galaxies. Most galaxies show a good relation between Σ H2 and Σ SFR , but they show little or no correlation between Σ HI and Σ SFR . Hence the galaxies dominated by H 2 gas (i.e. star-forming galaxies, starburst galaxies, and LIRGs. . . ) follow the K-S law. When galaxy (i.e. LSBGs and dwarf galaxies) have higher fraction of HI gas, they will deviate the K-S law.
Our LSBGs are selected from ALFALFA HI survey. From Huang et al. (2012a) , the galaxies detected by the ALFALFA survey bias to the gas-rich system. Compared to the optically selected galaxies, the HI-selected population has overall higher SFR and sSFRs at a given stellar mass, but lower SFE HI . Similar to the parent sample, our LSBGs are also tend to lower SFE. Furthermore, from Figure 8 (c2) , even comparing to other HI-selected galaxies from ALFALFA survey, the LSBGs show much lower SFE HI . The lower the SFE HI the farther away the LSBGs deviate from the K-S law.
We use Σ HI instead of Σ gas in Figure 10 . If taking the molecular gas into consideration, the LSBGs should shift to the right, and even further from the K-S law. As shown in Figure 7 , comparing to the star-forming galaxies, LSBGs show a similar distribution in Σ HI , but Σ SFR of the LSBGs are much lower than those of the star-forming galaxies. The LSBGs deviate from the K-S law because their Σ SFR is low. The right panel of Figure 4 shows the star-forming regions of five example LSBGs. The distribution of the star-forming region is widely sparse, so the filling factor of star formation region is lower in LSBGs (Wyder et al. 2009 ). This would lead to an lower Σ SFR when averaging over the entire galaxy. We will further study the filling factor of LSBGs in the future work.
Extended Schmidt Law
The K-S law does not hold for the entire range of gas densities, especially in the low gas density. In order to solve such a problem, Shi et al. (2011 Shi et al. ( , 2018 added the stellar mass surface density into the K-S law, after evaluating the importance of existing stars in the whole galaxy's history. Figure 11 shows the extended Schmidt law as a black line from Shi et al. (2018) , which is an empirical relation between the Σ 0.5 star Σ gas and Σ SF R from different types of galaxies. All symbols are same as those in Figure 10 . It contains our LSBGs (black solid circles), late-type galaxies (pink pluses), early-type galaxies (brown thin-diamond), LSB galaxies (green tri-down) from Wyder et al. (2009) , local luminous infrared galaxies (z=0-LIRGs, purple hexagon), high-redshift star-forming galaxies (High-z SFGs, red star) and high-redshift merging sub-millimeter galaxies (High-z SMG, blue filled pluses). The different apertures are adopted for the different type galaxies to derive the SFR and Σ SFR . Shi et al. (2011) pointed out that the different apertures do not affect the extended Schmidt law. Because the SFR, gas, and stellar mass are measured within same aperture, the galaxies would move along the extended Schmidt law without large offsets when different apertures are applied.
Although our LSBGs deviated obviously from the K-S law, they follow the extended Schmidt law. The quantitative analysis shows that the LSBGs present a median offset of 0.041 dex from the extended Schmidt law, which is much smaller than that of 0.844 dex from the K-S law. This confirms that the extended Schmidt law is more suitable for the extremely low gas density environment, such as our gas-rich LSBGs. Star formation can be described as a conversion of gas to a star over a timescale. The K-S law suggests that the gas mass surface density is the only factor in regulating the SFR surface density. However, the extended Schmidt law shows that the star formation is well correlated with both the stellar mass and the gas (Σ SF R ∝ Σ star Σ gas ). Our observation data of LSBGs confirms the superiority of the extended Schmidt law (Shi et al. 2011 (Shi et al. , 2018 .
Compared to Σ star , Σ gas show little correlation with SFE in HI-dominated region ). Σ star is much better than Σ gas in predicting the SFR of the HI-dominated galaxies, which is in agreement with the result in Hunter et al. (1998) . This is also supported by Figure 8 , in which the stellar mass correlates well with the SFR for both the normal star-forming galaxies and LSBGs (b1,b2), but the LSBGs deviate obviously from the normal galaxies in the relation of the HI mass and the SFR (c1,c2).
In fact, the star formation is a complex process, so many works Shi et al. 2011; Roychowdhury et al. 2017; Shi et al. 2018) suggest that the star formation can be regulated by stellar mass through its gravity and gas pressure. Recent work shows the crucial importance of feedback from earlier generation of stars in setting up the pressure in the interstellar medium and affecting future star formation. Star formation is regulated in such a manner can, in principle, be the reason behind the extended Schmidt law.
Though the LSBGs follow the extended Schmidt law, they still present a relatively large scatter, which requires us to take more factors into consideration in the future studies.
SUMMARY
We perform a narrow Hα-band imaging survey of LSBGs selected from the spring region of the 40% AL-FALFA extragalactic HI survey. Our sample contains 357 spring LSBGs, and is observed with the Xinglong 2.16 m telescope, which belongs to National Astronomical Observatories, Chinese Academy of Sciences (NAOC). We update the process of data reduction, especially continuum subtraction. We present a catalog of the Hα fluxes and derived parameters of 357 spring LSBGs and 111 fall LSBGs in Lei et al. (2018) with new continuum subtraction.
Compared to the star-forming galaxies, LSBGs have similar HI surface densities but have much lower SFRs and SFR surface densities. The relation between the Σ SFR and Σ gas shows that our HI-dominated LSBGs obviously deviate from the K-S law of the star-forming galaxies and starburst galaxies, possibly because of their low-density environment, low star formation efficiency, and low filling factor of star-forming regions. After taking the stellar mass into consideration, the LSBGs follow the extended Schmidt law well, with a mean offset of 0.041 dex, compared to a mean offset of 0.844 dex from the K-S law. Our results suggest that the extended Schmidt law can suit for the star formation in the lowdensity environment. 
